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1. X-ray crystallography

1.1. Measurement details

Table S1. Crystallographic data for compounds 1-6.

1 2 3 4 5 6
CCDC 1030631 1030632 1030633 1030634 1030635 1030636
formula CyH;3N,O.Re  CpHiN,ORe  CpisHpN,ORe  CpHpN,OQRe  CpHgFsN;ORe  CpoHjoFsN,O,Re
fw 423.44 437.47 451.50 465.52 513.40 527.43
colour/habit clear colourless clear cqlourless colourless clear colourless yellow fragment clear colourless
block prism needles fragment fragment
cryst dimensions (mm?) 0.104028.5136 x 0.11(:2(;18 x 0.090022_6231 x 0.1490%2(]).6161 x 0.20(;30625 X 011 % 0.13 x 026
cryst syst orthorhombic triclinic orthorhombic monoclinic monoclinic monoclinic
space group P22, 2 pls Pbca P2i/n P2/n C2le
a, A 5.8129(1) 8.0076(5) 11.0896(2) 12.2997(3) 8.0372(2) 13.1970(2)
b, A 11.4171(1) 9.4780(5) 14.4508(2) 8.3808(2) 10.1535(2) 9.4355(2)
¢, A 19.4879(3) 10.6971(6) 18.4542(3) 16.4451(3) 17.2223(3) 24.8443(5)
a, deg 90 65.571(2) 90 90 90 90
6, deg 90 77.076(2) 90 111.587(1) 90.5967(8) 96.309(1)
v, deg 90 68.508(2) 90 90 90 90
v, A 1293.34(3) 685.29(7) 2957.35(8) 1576.28(6) 1405.36(6) 3074.88(10)
Z 4 2 8 4 4 8
K 123(2) 123(2) 123(2) 123(2) 123(2) 100(2)
Deyiea, g o1 2.175 2.120 2.028 1.962 2427 2279
4, mm’! 9.403 8.877 8.232 7.725 8.726 7.980
F(000) 800 416 1728 896 960 1984
U range, deg 2.07 -30.58 2.10-2538 221-2537 2.59-33.20 233-2541 1.65-25.39
Indexranges (h k1) 78,216,427  +9,+11,+12 '10;113’;217’ T 418,412,425 +9, +12, +20 £15, £11, £29
no. of rflns collected 13584 17956 19638 77447 38559 46517
no. of indep rflns/Rip 3972/0.0284 2508/0.0518 2712/0.0402 6016/0.0379 2592/0.0233 2833/0.0435
no. of obsd rflns
(520(1) 3799 2491 2201 5165 2565 2472
no. of
datarestraints/params 3972/0/164 2508/0/174 2712/0/183 6016/0/193 2592/0/241 2833/0/219
RIWR2 (Z20(D))" 0.0183/0.0314  0.0150/0.0386  0.0187/0.0366  0.0182/0.0347  0.0135/0.0316 0.0168/0.0352
R1/wR2 (all data)* 0.0203/0.0319 0.0151/0.0387 0.0282/0.0395 0.0260/0.0367 0.0138/0.0317 0.0226/0.0367
GOF (on F?)* 0.985 1218 1.008 1.023 1.241 1.058
Largest diff peak and
hole (¢ A%) +0.642/-0.591 +0.632/-0.568  +0.460/-0.534  +1.052/-0.999  +0.574/-0.374 +1.644/-0.612

EIRL = Y(IF-IFIVEIFe]; WR2 = {3 [w(F>-FPY LwES 1} GOF = {F[wF3-F2y ) (n-p)}'?

Table S2. Crystallographic data for compounds 7-11.
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7 8 9 10 11
CCDhC 1030637 1030638 1030639 1030640 1030641
formula Ci3HoFsN,O4Re CsH14FsN,O4Re C7H7N,O4Re C7HoFsN,O4Re C7H7F1oN,O4Re
fw 541.46 555.48 499.54 589.50 679.46
colour/habit clear colourless clear colourless colourless clear colourless
block block fragment yellow fragment prisma

cryst dimensions (mm?)
cryst syst
space group
a, A
b, A
¢, A
a, deg
8, deg
v, deg
v, A3
VA
T,K
Dcalcda g Cm-s
4, mm’!
F(000)
¥ range, deg
Index ranges (4, k, )
no. of rflns collected
no. of indep rflns/R;y
no. of obsd rflns (/>20(1))
no. of data/restraints/params
R1/wWR2 (I>20(1))
R1/wR2 (all data)?
GOF (on F?)?

Largest diff peak and hole (e
A%)

0.09 x 0.10 x 0.19

orthorhombic
Pna?2,
10.3689(3)
18.6571(7)
8.4223(3)
90
90
90
1629.32(10)
4
123(2)
2.207
7.533
1024
2.18-26.36
+12, £23,£10
46035
3328/0.1170
2686
3328/1/229
0.0287/0.0441
0.0442/0.0478
0.974

+0.925/-0.612

0.21 x 0.31 x 0.39

orthorhombic
P22, 2
9.6255(3)
11.6206(4)
15.4559(5)
90
90
90
1728.81(10)
4
123(2)
2.134
7.102
1056
2.19-33.11
+14, £17, 423
85286
6533/0.0676
6286
6533/0/236
0.0205/0.0470
0.0221/0.0474
1.032

+1.293/-1.351

0.15 % 0.20 x 0.20

triclinic
Pl
7.7420(3)
9.7001(3)
12.1493(4)
77.4846(14)
85.3240(14)
72.6881(13)
850.22(5)
2
173(2)
1.951
7.169
480
1.72-25.51
9, +11, +14
29374
3159/0.0402
3078
3159/0/285
0.0196/0.0519
0.0203/0.0524
1.089

+1.373/-1.405

0.43 x 0.47 x
0.98

monoclinic
P2i/n
8.3467(2)
10.5776(3)
20.3571(6)
90
100.458(1)
90
1767.43(8)
4
123(2)
2215
6.955
1120
2.03-25.55
+10, 12, +24
33118
3295/0.0277
3186
3290/0/311
0.0131/0.0290
0.0140/0.0293
1.165

+0.425/-0.320

0.11 x 0.14 x 0.52

orthorhombic
P22, 2
6.5996(2)
12.4519(3)
23.9499(6)
90
90
90
1968.14(9)
4
123(2)
2.293
6.297
1280
1.84 -34.71
+10, £19, +38
66878
8440/0.0389
7892
8440/0/307
0.0185/0.0351
0.0219/0.0358
1.017

+0.926/-0.502

FIRT = Y(IF-FIVEIFe]; WR2 = {3 [w(F2-F2) ) Zw(F 1} GOF = {F[w(F-F 2y ) (n-p)}'?
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1.2. Molecular structures of compounds 1-11

Figure S1. ORTEP style plot of compound 1 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.729(3), Re1-02 1.727(3), Re1-03
1.721(3), Rel-04 1.723(3); O3—Rel-04 110.39(16), O3—Rel1-02 109.53(13), O4-Rel-02 110.10(16), O3—
Rel-01 109.46(14), O4-Rel1-01 108.86(13), 02—Rel1-01 108.48(14).

Figure S2. ORTEP style plot of compound 2 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.720(2), Re1-02 1.728(2), Re1-03
1.719(2), Rel-04 1.721(2); O3-Rel-04 109.81(12), O3-Rel-02 109.55(11), O4-Rel-02 109.87(12), O3—
Rel-01 109.22(11), O4-Rel-O1 109.42(11), 0O2—-Re1-01 108.95(11).
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Figure S3. ORTEP style plot of compound 3 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.714(3), Re1-02 1.706(3), Re1-03
1.722(2), Re1-04 1.718(3); O1-Rel1-02 110.95(14), O1-Rel-03 109.48(13), O1-Rel1-04 108.85(14), 02—
Re-03 109.56(13), 02—Re1-04 109.00(14), O3—Rel1-04 108.95(12).

Figure S4. ORTEP style plot of compound 4 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.7149(15), Re1-02 1.7267(15), Rel—
03 1.7217(15), Re1-04 1.7233(14); O1-Rel-02 109.57(9), O1-Re1-03 108.83(8), O1-Re1-04 109.71(8),
02-Re—03 109.41(8), O2-Re1-04 110.16(8), O3—Re1-04 109.13(8).
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Figure S5. ORTEP style plot of compound 5 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-04 1.731(2), Re1-03 1.720(2), Re1-O1
1.716(2), Rel-02 1.730(2); O1-Rel1-03 109.32(11), O1-Rel1-04 109.22(11), O2-Re1-03 108.85(10), O2—
Rel-04 108.94(11), O3-Re1-04 110.03(11), O1-Re1-02 110.48(10).

Figure S6. ORTEP style plot of compound 6 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.708(3), Re1-02 1.726(3), Re1-03
1.716(3), Rel-04 1.724(2); O1-Rel-02 110.69(14), O1-Rel1-03 109.52(15), O1-Rel1-04 109.28(13), 02—
Re-03 109.31(13), 0O2—Re1-04 108.88(12), O3—Rel1-04 109.14(13).

S6



Figure S7. ORTEP style plot of compound 7 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.709(4), Re1-02 1.707(5), Re1-03

1.722(4), Rel-04 1.726(4); O1-Rel-02 109.7(2), O1-Rel-03 109.26(18), O1-Rel-04 109.0(2), 02-Re-03
110.0(2), 02-Re1-04 109.46(18), 03-Re1-04 109.36(19).

Figure S8. ORTEP style plot of compound 8 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.706(3), Re1-02 1.702(2), Re1-03
1.717(2), Re1-04 1.684(3); O1-Rel-02 108.13(15), O1-Re1-03 108.72(13), O1-Re1-04 110.1(2), O2—Re-
03 110.40(15), 0O2—Rel-04 108.05(16), O3—-Rel1-04 111.42(19).
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Figure S9. ORTEP style plot of compound 9 in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.710(3), Re1-02 1.723(3), Re1-03
1.723(3), Rel-04 1.721(3); O1-Rel-02 109.16(14), O1-Rel-03 110.74(14), O1-Rel-04 108.76(14), 02—
Re-03 109.11(13), 02-Re1-04 109.39(13), O3—Re1-04 109.67(13).

Figure S10. ORTEP style plot of compound 10in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.7238(17), Re1-02 1.7315(19), Rel—
03 1.7198(19), Re1-04 1.713(2); O1-Re1-02 109.34(8), O1-Re1-03 109.71(9), O1-Re1-04 109.38(10), O2—
Re1-03 109.34(9), 02—Rel-04 109.89(10), O3—Re1-04 109.16(10).
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Figure S11. ORTEP style plot of compound 11in the solid state. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths [A] and bond angles [°]: Re1-O1 1.7269(15), Re1-02 1.7201(14), Rel—
03 1.7153(16), Re1-04 1.7253(14); O1-Rel-02 109.35(9), O1-Re1-03 110.34(8), O1-Rel1-04 107.43(7),
02-Rel1-03 109.48(8), 02—-Re1-04 109.80(7), O3—Re1-04 110.40(8).
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2. Hirshfeld surface analysis

1-Benzyl-3-methylimidazolium perrhenate (1)

norm:

Min -0.3733
Max 1.1694

Mean 0.3420

Mean+ 0.3776

Mean- -0.1051
interactions:

(0-C)=17.4 %; (0-0) =2.6 %; (O-N)=4.1 %

fingerprint plots:

all contacts (99.8 %) O-H interactions (85.6 % of all interactions)
de de

24 24

2.2 2.2

2.0 2.0

1.8 1.8

1.6 1.6

1.4 1.4

1.2 1.2

1.0 1.0

0.8 0.8

v di o di

U6 U8B 1.U 1.Z 14 1.6 1.8 20 27 2% U6 U8B LU 1.Z 1.4 16 1B 20 2.7 Z3&
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1-Benzyl-2,3-dimethylimidazolium perrhenate (2)

dnarm:
Min -0.2631
Max 0.9826
Mean 0.3425
Mean+ 0.3708
Mean- -0.0822
interactions:
de
24
2.2
2.0
1.8
1.6
1.4
1.2]
1.0
0.8
0.6 -
di

0o 08 1.0 1.7 14 1o 1.8 20 27 23

(94.2 % of all interactions)

(0-0)

plots:
all
%)

24

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

0.6 08 1.0 1.Z 14 1o 18 20 27 243

= 1.3 %; (O-

3.0 %; (O-N)

%

fingerprint

contacts (100

O-H

interactions
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1-Benzyl-2-ethyl-3-methylimidazolium perrhenate (3)

Anorm

Min -0.2253
Max 1.2911
Mean 0.3826
Mean+ 0.4162
Mean- -0.0739
interactions:

(0-C) = 1.9 %; (0-0) = 2.2 %; (O-N) = 2.2 %

fingerprint plots:
S12



2.4

2.2

all contacts (99.6 %)

O-H interactions (93.2 % of all interactions)

1-Benzyl-2-isopropyl-3-methylimidazolium perrhenate (4)

dnarm:

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

06 08 10 1.2 14 186 1.8 20 ZLZ Z°4

Min

-0.3590

0.8

0.6

di

06 08 1.0 1.Z 14 106 18 20 272 7174
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Max 1.3398

Mean 0.3854

Mean+ 0.4195

Mean- -0.1271
interactions:

(0-C) = 4.0 %; (0-0) = 2.6 %; (O-N) = 2.8 %

fingerprint plots:
all contacts (99.2 %) O-H interactions (89.8% of all interactions)

1-Methyl-3-(2°,3",4°,5’,6’-pentafluorobenzyl)imidazolium perrhenate (5)

2.4

2.2

2.0]

1.6

1.4

1.2

1.0

0.6

di oo di

U6 08 1.0 1.2 14 1o 18 22U 172 24 06 U8 1.0 1.7 1.4 106 1.8 2.0 2.7 2%

Min

dnorm:

-0,4307
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2.4

2.2

2.0

Max 1,2456

Mean 0,3481
Mean+ 0,3824
Mean - -0,1503
interactions:

(O-F) = 16.5 % (O-N) = 4.1 %; (0-0) = 5.4 %; (0-C) = 21.5 %

fingerprint plots:
all contacts (98.7 %)

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

Ub 08 1.0 1.7 14 1o 1.8 20 27 23

O-H interactions (51.3 % of all interactions)

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

06 08 1.0 1.Z 14 1b 18 20 27 23
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1,2-Dimethyl-3-(2°,3°,4°,5’,6’-pentafluorobenzyl)imidazolium perrhenate (6)

o

Min -0,3293
Max 1,7083
Mean 0,4283
Mean+ 0,4651
Mean- -0,0889
interactions

(O-F) = 18.7 %3 (O-N) = 2.6 %; (0-0) = 0.0 %; (0-C) = 16.7 %

fingerprint plots:
all contacts (97.0 %)

L2

2.4

o
il

2.2

2.0]

1.6

1.4

1.2

1.0 .

0.6]

di

U6 U8 1.0 1.Z 14 1o 18 20 27 214

O-H interactions (59.8 % of all interactions)

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

06 08 1.0 1.7 14 16 18 20 27 24
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2-Ethyl-1-methyl-3-(2°,3",4°,5°,6 ’-pentafluorobenzyl)imidazolium perrhenate (7)

Anorm
Min
Max
Mean
Mean+

Mean-

interactions:

(O-F) = 12.2 %; (O-N) =

fingerprint plots:
all contacts (98.8 %)

-0.3468
1.0485
0.3372
0.3690
-0.0765

4.5 %; (0-0) =0.0 %; (0-C) =21.1 %

O-H interactions (61.1% of all interactions)

de de
2.4 2.4
22 2.2
2.0 2.0
1.8 1.8
1.6 1.6
1.4 1.4
1.2 1.2
1.0 1.0
0.8 0.8
oo di " di

06 08 1.0 1.7 14 1o 1.8 20 27 243

U6 U8 1.0 1.7 1.4 1o 1.8 20 27 23
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2-Isopropyl-1-methyl-3-(2°,3",4°,5°,6’-pentafluorobenzyl)imidazolium perrhenate (8)

Arorm
Min
Max
Mean
Mean+

Mean-

interactions:

(O-F) = 16.6 %; (O-N) =

-0.3580
1.5508
0.4153
0.4539
-0.1171

0.3 %; (0-0) = 0.0 %; (0O-C) =10.8 %

fingerprint plots:
all contacts (97.0 %) O-H interactions (69.1% of all interactions)
de de
2.4 2.4
22 2.2
2.0 2.0
18 i 1.8
1.6] o 1.6
14 i
3 1.4
1.2 — 1.2
1.0 # 1.0
0.8 0.8
0.6 - 0.6 -
di di
U6 0.8 1.0 1.7 14 1o 18 20 27 24 U0 U8 1.0 1.Z 1.4 16 1.8 20 27 2&
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1,3-Dibenzylimidazolium perrhenate (9)

norm

Min -0.3399
Max 0.9828
Mean 0.3353
Mean+ 0.3736
Mean- -0.0889
interactions:

(0-C) = 9.4 %; (0-0) = 4.3 %; (O-N) = 2.7 %

fingerprint plots:
all contacts (100 %)

2.4

2.2]

2.0

1.6

1.4

1.2

1.0

0.6|

di

06 08B 10 1.2 14 10 18 Z0 LI 14

O-H interactions (83.4 % of all interactions)

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

di

06 08 10 1.7 14 16 18 Z0 27 714
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1-Benzyl-3-(2°,3°,4°,5°,6’-pentafluorobenzyl)imidazolium perrhenate (10)

norm:

Min -0.3118
Max 1.3007
Mean 0.3910
Mean+ 0.4222
Mean- -0.0987
interactions:

(0-C) = 6.0 %; (0-0) = 2.9 %; (O-N) = 0.0 %; (O-F) = 16.6 %

fingerprint plots:

all contacts (100 %) O-H interactions (74.5 % of all interactions)
de de

2.4 24

2.2 2.2

2.0 2.0

1.8 1.8

1.6] 1.6]

1.4 1.4

12 12

1.0 1.0

0.8 0.8

v di o di

06 08 1.0 1.Z 14 16 18 20 27 24 06 08 1.0 1.Z 14 16 18 20 2.7 24

S20



Bis-(2°,3°,4°,5°,6’-pentafluorobenzyl)imidazolium perrhenate (11)

Anorm:

Min -0.3548
Max 1.5213
Mean 0.3991
Mean+ 0.4419
Mean- -0.0994
interactions:

(O-F) = 20.7 %; (O-N) = 5.3 %; (0-0) = 0.1 %; (0-C) =23.2 %

fingerprint plots:
all contacts (97.3 %) O-H interactions (47.8% of all interactions)
de de
2.4 2.4
22 A L 22 I T L
i A Faz:l ¥
2.0 2.0 AT 5
1.8 1.8 ;_3:*:
1.6 it 16 Br
1.4 g 14 el
g AR
12 Sl 12 e
L B
1.0 1.0 =
0.8 0.8
0.6 = 0.6 =
di di
06 08 10 1.7 14 16 18 Z0 27 714 U6 0.8 1.0 1.7 1.4 1o 1.8 20 27 724
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3. Computational details

Figure S12. Distribution of charge density for 1-benzyl-3-methylimidazolium (cation of compound 1).

TZTOQOZQOZOO0O0O0TTZTQOZIIZIQOZZOTTOOO

Sum of electronic and thermal Enthalpies = -536.186840
Sum of electronic and thermal Free Energies = -536.238517

(in Hartree)

1.29017000
2.40007600
3.30921200
0.48431500
2.53964100
4.38592200
2.59622500
1.14437800
3.17541600
3.78526200
2.36817700
3.78508400
-0.14936400
-0.13080300
-0.13081000
-1.35364300
-1.91942600
-1.91925700
-3.03039800
-1.50340000
-3.03023000
-1.50309000
-3.58424700
-3.47032800
-3.47003100
-4.45401400

0.45025900
-1.45503700
-0.44281300

1.16412500
-2.52282100
-0.46451500

0.74122200
-0.87712700

2.09245300

2.22706500

2.82198900

2.22716000
-1.63426800
-2.27163500
-2.27163700
-0.73127100
-0.30950800
-0.30940300

0.53092400
-0.65039800

0.53102600
-0.65021200

0.95331200

0.84421200

0.84438500

1.59957600

-0.00012500
0.00010800
0.00009300

-0.00022200
0.00022500
0.00015400

-0.00006200

-0.00003700

-0.00007000

-0.89293100

-0.00019200
0.89289700

-0.00004000
0.88535900
-0.88544000

-0.00002300

-1.20871600
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Figure S13. Distribution of charge density for 1-benzyl-2,3-dimethylimidazolium (cation of compound 2).
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Figure S14. Distribution of charge density for the cation 1-pentafluorobenzyl-3-methylimidazolium (cation of

compound 5).
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Figure S15. Distribution of charge density for the cation 1-pentafluorobenzyl-2,3-dimethylimidazolium (cation

of compound 6).
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Figure S16. Distribution of charge density for 1,3-dibenzylimidazolium (cation of compound 9).
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Figure S17. Distribution of charge density for 1,3-dibenzyl-2-methylimidazolium.
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Figure S18. Distribution of charge density for the cation 1-benzyl-3-pentafluorobenzylimidazolium (cation of

compound 10).
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Figure S19. Distribution of charge density for the cation 1,3-bis(pentafluorobenzyl)imidazolium (cation of

compound 11).
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